SUMMARY Plasma ,8-thromboglobulin, platelet factor 4, fibrinogen, fibrinopeptide A, antithrombin III, factor VIII related antigen, a2-macroglobulin, platelet count, and total glycosylated haemoglobin were measured in three well matched groups of subjects: non-diabetic controls, diabetics without retinopathy, and diabetics with proliferative retinopathy. /8-thromboglobulin and platelet factor 4 concentrations were significantly higher in the diabetics with retinopathy than in the controls and platelet factor 4 was also increased in the diabetics without retinopathy compared with controls. Fibrinogen concentration was raised in diabetics without retinopathy compared with controls, diabetics with retinopathy compared with controls, and diabetics with retinopathy compared with those without. Fibrinopeptide A concentration did not differ significantly between groups. Antithrombin III levels were increased in diabetics with retinopathy compared with controls, and in diabetics with retinopathy compared with those without. Factor VIII related antigen values were higher in both the diabetic groups when compared with the controls. Fibrinopeptide A concentration correlated with both /8-thromboglobulin and platelet factor 4 in each of the three groups.
Patients with diabetes mellitus have significantly increased morbidity and mortality as a consequence of specific microvascular disease, which results in conditions such as retinopathy and nephropathy. Although the precise cause of these vascular complications remains uncertain, evidence is accumulating that an imbalance of the haemostatic mechanisms may be entailed in their initiation or propagation.
Various abnormalities of platelet function and of coagulation in diabetes have been identified and recently reviewed.' The contradictory findings and conclusions of different research groups may be partially attributed to the heterogeneity of their diabetic patients, the poor matching of control groups, the non-standardisation of coagulation and platelet assays, and the uncertain importance of abnormal in vitro tests.
Accepted for publication 20 February 1984 We have measured plasma concentrations of ,8-thromboglobulin, platelet factor 4, fibrinogen, fibrinopeptide A, antithrombin III, factor VIII related antigen, a2-macroglobulin, platelet count, and total glycosylated haemoglobin in three well matched groups of subjects: non-diabetic controls, insulin dependent diabetics without retinopathy, and insulin dependent diabetics with proliferative retinopathy.
Patients and methods

PATIENTS
We studied 20 healthy non-diabetic controls, 20 insulin dependent diabetics without ophthalmoscopic evidence of retinopathy, and 20 insulin dependent diabetics with proliferative retinopathy. Subjects in each group were individually matched for age, sex and, where applicable, duration of diab-660 4 and 6% with between batch coefficients of variation of 8-12%. The between batch coefficient of variation for glycosylated haemoglobin was 3 5%. Fibrinogen levels and platelet count were determined by non-batch methods with coefficients of variation of 5 % and 3% respectively. Previous studies by one of us have shown that the assay procedure for a2-macroglobulin is highly reproducible (100 + 22 %).8 Further details of the above assays are available in the quoted references.
Laboratory staff were unaware of the identities of the samples.
STATISTICAL METHODS
Non-parametric methods were used to analyse the data in view of the presence of skew and outliers in at least some of the measurements. Median and range were used as summary statistics within groups, paired measurements were tested between groups by Wilcoxon's signed rank tests, and associations between measurements within groups by Kendall rank correlation coefficients. Table 2 details the medians and ranges of the measured platelet and coagulation factors within the three groups and also the results of a comparison of paired measurements between groups.
Results
/3-thromboglobulin concentrations were higher (p < 0.01) in the diabetics with retinopathy than in the non-diabetic controls, and the platelet factor 4 values were significantly increased in both the diabetic groups when compared with the controls (diabetics with retinopathy p < 0-01; diabetics without retinopathy p < 0.05). A highly significant correlation between /8-thromboglobulin and platelet factor 4 were seen in each of the three groups (controls and diabetics with retinopathy p < 0.001; diabetics without retinopathy p < 0-01).
The fibrinogen concentrations were higher in the related significantly with /3-thromboglobulin (p < 0.05) and platelet factor 4 (controls and diabetics without retinopathy p < 0-05; diabetics with retinopathy p < 0.01) (Figure) . Antithrombin III (activity and antigen) levels were significantly higher in the diabetics with retinopathy than in either of the other groups. There was a strong correlation between antithrombin III activity and antigen in each of the three groups (controls p < 0-01; diabetic groups p < 0-001). The concentration of a2-macroglobulin was higher in the diabetics with retinopathy, than in those without but this difference was not significant. a2-macroglobulin correlated with antithrombin III antigen only in the diabetics with retinopathy. There was no correlation between a2-macroglobulin and antithrombin activity.
Concentrations of factor VIII related antigen were higher in both the diabetic groups than in the non-diabetic controls (p < 0.001).
The platelet count was higher in the nonretinopathic diabetics than in the control subjects (p < 0.05), but no other significant differences existed between groups.
Total glycosylated haemoglobin was higher in the diabetics with retinopathy than in those without (p < 0.05). The relation between glycosylated haemoglobin and the haemostatic factors studied was considered in each of the three groups: the only significant correlations were with fibrinogen in the control group (p < 0-001), with platelet factor 4 in the uncomplicated diabetics (p < 0-05), and with fibrinopeptide A and a2-macroglobulin in the diabetics with retinopathy (p < 0-05). The published work provides a confusing picture of the importance of haemostatic abnormalities in the development of diabetic retinopathy. The poor matching of study groups, the non-standardisation of assays, the uncertain relevance of in vitro tests to in vivo function, and the inclusion of patients with coincident nephropathy and macroangiopathy have all contributed to this confusion. The subjects in our groups were individually matched for age, sex, and, where applicable, duration of diabetes, and all diabetics with nephropathy were excluded. In contrast to many previous studies, our two diabetic groups were chosen to represent the extremes of the " retinopathy spectrum"-namely, those without retinopathy and those with proliferative retinopathy. Unfortunately, the exclusion of patients with asymptomatic large vessel disease remains a problem since it necessitates unacceptable extensive and invasive investigation. The platelet specific proteins f8-thromboglobulin and platelet factor 4 are released together from a granules during platelet aggregation, and increased plasma levels may reflect enhanced in vivo platelet activation. Their precise biological functions remain uncertain. f8-thromboglobulin may reduce prostacyclin generation in the vessel wall'0 and thus allow a more sustained platelet-endothelial interaction. Platelet factor 4 has heparin neutralising activity" and may neutralise any natural heparin like inhibitors of coagulation. It has been suggested that intensive release of platelet factor 4 modifies the surface properties of the platelet membrane and thereby accelerates the rate of formation of the fibrin network between platelets.'2 A close correlation between the plasma levels of platelet factor 4 and /3-thromboglobulin has been well described. 4 The platelet factor 4 results were, as expected, similar to those for 13-thromboglobulin, although both diabetic groups had significantly higher levels than the non-diabetics. Platelet factor 4 concentration has been previously reported as both normal'7 22 and increased in diabetics.'5 23 Fibrinopeptide A, which is cleaved from fibrinogen by thrombin, is a sensitive indicator of thrombin formation24 and the lack of a significant difference in concentrations between our three groups is evidence against activation of the coagulation system in diabetes. Our finding that fibrinopeptide A concentrations correlated with both f3-thromboglobulin and platelet factor 4 concentrations suggests that thrombin may initiate the platelet release reaction. A close association between thrombin formation and the platelet release reaction in normal subjects has been previously noted in vitro25 and a correlation between fibrinopeptide A and /8-thromboglobulin in diabetics has been reported by Burrows a2-macroglobulin is a further inhibitor of coagulation proteases which accounts for about a quarter of the total functional antithrombin III activity in the blood. Indeed, Elder et a140 attributed the raised levels of antithrombin III activity in their diabetics to an increase in a2-macroglobulin concentrations. We found no correlation between antithrombin III activity and a2-macroglobulin. Although it is generally accepted that a2-macroglobulin levels are higher in diabetics,3' 4243 the relation between retinopathy and a2-macroglobulin has remained uncertain because of other variables including age, duration of diabetes, metabolic control and nephropathy, which may influence a2-macroglobulin levels.4244 Previous studies, which often failed to consider these factors, have reported both higher a2-macroglobulin concentrations in diabetics with retinopathy3' 43 and comparable levels in retinopaths and non-retinopaths. 42 Our results are in keeping with those of Gray et al,45 who found no significant difference in a2-macroglobulin levels between diabetics with retinopathy and those without when all the above variables were taken into account.
Factor VIII related antigen is a glycoprotein, higher oligomers of which are active in promoting platelet adhesion. It is found only in endothelial cells (where it is synthesised), platelets, and megakaryocytes." Von Willebrand's factor appears to be a property of factor VIII related antigen4' and these factors are associated in plasma with factor VIII coagulant activity. Our finding of increased factor VIII related antigen levels in diabetic patients is in keeping with previous reports33 48 49 and could result from enzymic degradation in the circulation of the factor VIII polymer and/or from greater endothelial synthesis and release of factor VIII related antigen.51 ' The lack of raised plasma fibrinopeptide A levels supports the latter explanation since in an enzymatically active environment one would expect increased thrombin formation. We found no significant difference in factor VIII related antigen values between diabetics with retinopathy and those without, although higher levels have been previously reported in diabetics with vascular disease. 48 50 52 This study has shown certain platelet and coagulation abnormalities in diabetes, but the presence of a hypercoagulable state has not been confirmed. Several of our findings may be explained on the basis of a non-specific stress reaction in diabetics, possibly secondary to chronic vascular damage. Further studies, particularly of a prospective nature, are clearly indicated to determine whether the observed changes are causal or secondary to the vascular complications of diabetes mellitus.
